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[57] ABSTRACT 
A ?lter unit comprises a plastics frame into which a 
sheet of ?lter medium is insert moulded. Portions of the 
frame form apertures and other portions allow ?uid 
access to and from the opposed surfaces of the ?lter 
medium when the frame is covered by a ?at surface. 
The frames also form portions of an integral capsule 
enclosing the medium. A number of such ?lter units can 
be stacked together in various con?gurations so that the 
apertures form inlets and outlets for ?uid so that, in 
some con?gurations, ?uid can be passed through the 
?lter units in parallel while, in other con?gurations, 
?uid can be passed through ?lter units in succession. 
Filters of any convenient size can be produced by in 
creasing the number of ?lter units in a stack. The ?lters 
are bi-directional. The frames can be of polypropylene 
connected to hydrophilic microporous nylon mem 
brane by injection moulding, which has been found to 
give a ?lter unit that can be integrity tested. 

55 Claims, 6 Drawing Sheets 
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PLASTIC FRAME FILTER UNIT FOR A STACK 
ASSEMBLY 

This application is a continuation of application Ser. 
No. 07/858,601, ?led Mar. 27, 1992, now abandoned. 

BACKGROUND TO THE INVENTION 

1. Field of the Invention 
The invention relates to ?lters and ?lter units. 
2. Review of the Prior Art 
In known ?lters, a number of ?lter units are formed 

together in a stack to provide a ?lter having a required 
surface area of ?lter medium. An example of this is 
shown in GB-A-2063089A. 

This speci?cation discloses a ?lter comprising a num 
ber of ?lter units which are formed by generally circu 
lar plastic supports with ?lter media bonded to their 
upper and lower surface. Radial passages in the support 
lead to a central aperture which, when the ?lter units 
are stacked together, forms an outlet for ?ltrate. The 
?lter units are contained within a casing which provides 
an inlet for ?uid being ?ltered. 

It is a disadvantage of the arrangement of GB-A 
2063089 that the ?lter units are complicated to manufac 
ture and dif?cult to assemble. The ?ow is not fully 
reversible in this arrangement and the ?lter medium can 
only be encapsulated by the provision of a separate 
casing. 
GB-A-l234283 shows a similar arrangement in which 

a disc-shaped holder carries ?ltering material. Each disc 
has peripheral apertures and a central aperture so that 
when the discs are stacked together, ?uid to be ?ltered 
enters via the peripheral apertures and passes generally 
radially to the central aperture via the ?ltering material. 

Again, these discs can only be encapsulated by the 
provision of a separate casing because of the peripheral 
apertures. The provision of such a casing adds to the 
cost and lengthens the manufacturing process. 

SUMMARY OF THE INVENTION 

According to a ?rst aspect of the invention, there is 
provided a ?lter unit comprising a frame of a plastics 
material having ?rst and second faces and de?ning a 
?rst aperture extending between the ?rst and second 
faces at least one sheet of ?lter medium within the aper 
ture a second aperture extending between the ?rst and 
second faces and spaced from said ?rst aperture the 
frame further comprising ?rst means for communicat 
ing said ?rst aperture to said second aperture on one 
side of said ?lter medium for the passage of ?uid there 
between and a continuous peripheral member disposed 
between the ?rst and second faces to provide a portion 
of a capsule for the at least one sheet of ?lter medium. 
When ?lter units are manufactured using hydrophilic 

microporous nylon ?lter medium, it is customary to test 
them to ensure that the pore size of the ?lter medium 
has a speci?ed value. This is done by an integrity test 
that involves wetting the membrane, removing excess 
water and applying air under pressure to one side of the 
?lter medium. If the diffusive air ?ow rate is below a 
speci?ed value at a speci?c air pressure, then the ?lter 
medium will quantitatively remove speci?ed organisms. 
A preferred material for the frame of such a unit is 

polypropylene because it can be moulded at relatively 
low pressures, it has a high resistance to autoclaving 
and produces low rates of extractables. However, poly 
propylene is hydrophobic and this has been found in 
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2 
joints between polypropylene end caps and nylon me 
dium to produce a zone that is hydrophobic at the join 
between the polypropylene and the nylon medium. This 
prevents integrity testing in water because the hydro 
phobic zone allows the ready passage of air. It is, how 
ever, essential that the units are integrity testable. 
According to a second aspect of the invention, there 

is provided a ?lter unit comprising a frame of polypro 
pylene having ?rst and second faces and de?ning a ?rst 
aperture and at least one sheet of a hydrophilic micro 
porous nylon ?lter medium within the ?rst aperture a 
periphery provided around said one sheet of ?lter me 
dium the periphery of the ?lter medium being insert 
moulded into the frame, a second aperture extending 
between the ?rst and second faces and spaced from said 
?rst aperture ?rst means for communicating said ?rst 
aperture with said second aperture disposed to one side 
of said ?lter medium for the passage of ?uid therebe 
tween. 
The use of injection moulding has been found to 

produce a ?lter unit that can be integrity tested in wa 
ter. 
According to a third aspect of the invention, there is 

provided a plurality of filter units, means de?ning an 
inlet, means de?ning an outlet and at least one ?lter unit 
comprising a frame of a plastics material having ?rst 
and second faces and de?ning medium aperture; at least 
one sheet of ?lter medium held within the aperture 
extending between the ?rst and second faces, the frame 
also de?ning an inlet passage extending between the 
?rst and second faces and communicating between the 
inlet means to one surface of the ?lter medium and an 
outlet passage extending from between the ?rst and 
second faces and communicating between the other 
surface of the ?lter medium and the outlet means, the 
inlet means and the outlet means being in sealing en 
gagement with the frame to encapsulate the ?lter me 
dium. 
According to a fourth aspect of the invention, there is 

provided a ?lter comprising an inlet means, an outlet 
means and at least one ?lter unit comprising a frame of 
polypropylene material having ?rst and second faces 
and de?ning an aperture, at least one sheet of a hydro 
philic microporous nylon ?lter medium held within the 
aperture extending between the ?rst and second faces 
and including a periphery, the periphery of the ?lter 
medium being insert moulded into the frame, the frame 
also de?ning an inlet passage extending between the 
?rst and second faces and communicating between the 
inlet means to one surface of the ?lter medium and an 
outlet passage extending between the ?rst and second 
faces and communicating between the other surface of 
the ?lter medium and the outlet means the ?lter being 
integrity testable in water. 
The following is a more detailed description of some 

embodiments of the invention, by way of example, ref 
erence being made ‘to the accompanying drawings in 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a ?rst form 
of ?lter unit having parallel sides and semi-circular ends 
and including an aperture containing a ?lter medium, 
FIG. 2 is a plan view of a second form of ?lter unit of 

generally circular exterior shape and including an aper 
ture containing a ?lter medium, 
FIG. 3 is a cross-sectional view of a ?lter unit of the 

kind shown in either FIG. 1 or FIG. 2, 
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FIG. 4 is a schematic side elevation of a ?rst form of 
?lter incorporating an inlet manifold, an outlet manifold 
and six ?lter units of the kind shown in FIG. 3, 
FIG. 5 is a side elevation of a second form of ?lter 

incorporating an inlet manifold and outlet manifold and 
four ?lter units of the kind shown in FIG. 3, with the 
?lter units being separated by dividers, 
FIG. 6 is a side elevation of a third form of ?lter 

incorporating an inlet manifold, an outlet manifold and 
two ?lter units of the kind shown in FIG. 3 with the 
units being separated by a divider, 
FIG. 7 is a side elevation of a fourth form of ?lter 

incorporating an inlet manifold, an outlet manifold and 
six ?lter units of the kind shown in FIG. 3 with succes 
sive pairs of ?lter units being separated by a divider, 
FIG. 8 is a plan view of a third form of ?lter unit of 

generally circular exterior shape and including an aper 
ture containing a ?lter medium, 
FIG. 9 is a plan view of a ?fth form of ?lter incorpo 

rating ?lter units of the kind shown in FIG. 8, 
FIG. 10 is a side elevation of the ?fth form of ?lter 

shown in FIG. 9, 
FIG. 11 is a plan view of a sixth form of ?lter incor 

porating ?lter units of the kind shown in FIG. 8, 
FIG. 12 is a side elevation of the sixth form of ?lter 

shown in FIG. 11, 
FIG. 13 is a plan view of a fourth form of ?lter unit 

of generally rectangular exterior shape and including an 
aperture containing a ?lter medium, 
FIG. 14 is a plan view of a seventh form of ?lter 

incorporating ?lter units of the kind shown in FIG. 13, 
and 
FIG. 15 is a side elevation of the seventh form of 

?lter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring ?rst to FIG. 1, a ?lter unit comprises a 
frame 10 of a plastics material including a continuous 
peripheral member having parallel sides 11 and semi 
circular ends 12. Additional members 13 extend across 
the diameters of the semi-circular ends to form semi~cir 
cular apertures 14. 
The frame members 10 are of generally rectangular 

cross-section and include opposed faces 15,16 lying in 
spaced mutually parallel planes. One of the additional 
members 13a has a recessed surface 1711 at one side 15 of 
the frame 10 and the other additional member 13b has a 
recessed surface 17b at the other side 16 of the frame. 
This is best seen in FIG. 3. 
The sides 11 and the additional members 13a, 13b 

de?ne a generally rectangular aperture 18 which con 
tains a sheet of a ?lter medium 19. The ?lter medium 
may be of any desired kind, for example polyamide, 
PVDF, PTFE, polypropylene ?bres, or glass ?bre. 
Thus, one member 13a forms with the peripheral 

member, one of the apertures 14 and a part of the me 
dium aperture 18. The other member 13b forms with the 
peripheral member the other of the apertures 14 and the 
remainder of the medium aperture 18. The recessed 
surface 17a forms a part passage between one aperture 
14 and the medium aperture 18 and the recessed surface 
17b forms a part passage between the other aperture 14 
and the medium aperture 18. 
The ?lter unit is formed as follows. 
A sheet of ?lter medium 19 of suitable dimensions is 

inserted into an appropriately shaped mould. A plastics 
material having a lower melting point or a melting point 
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4 
not appreciably greater than the melting point of the 
?lter medium 19 is then injected into the mould in a 
molten state. For example, the plastics material may be 
a polypropylene. The ?lter medium 19 is held so that its 
periphery extends into the portions of the mould that 
de?ne the sides 11 and the additional members 13 of the 
frame. Thus, when the moulding process is complete, 
the periphery of the ?lter medium is insert moulded into 
the sides 11 and additional members 13 of the frame 10. 
The ?lter unit is then removed from the mould. 

Referring next to FIG. 2, it will be appreciated that 
the ?lter unit need not be shaped as described above. In 
the embodiment of FIG. 2, the frame 10 has a peripheral 
member which is generally circular in plan view and is 
provided with additional members 20 which extend 
between spaced points on the frame with an arcuate 
curvature. Thus, each additional member 20 forms with 
the peripheral member an aperture 14 and a part of a 
medium aperture 18 which holds the ?lter medium 19. 
The members 20 are oppositely recessed, in the same 
way as the members 13 of the embodiment of FIG. 1. 
The ?lter unit of FIG. 2 is, however, made in the same 
way as a ?lter unit of FIG. 1. 
These ?lter units may have a thickness of 3 mm with 

an area of ?lter medium of about 25 cm. 
As will be seen in both units, the shape of the aperture 

18 is symmetrical about a plane normal to the plane of 
the ?lter medium 19 and the planes of the faces 15,16 
and the end apertures 14 are also symmetrically ar 
ranged on opposite sides of this plane. Of course, this is 
not essential; the apertures 14 could be arranged any 
where around the ?lter aperture 18 and the apertures 14 
could be of differing shapes and sizes. Only one aperture 
14 could be provided. 
FIGS. 4 to 7 show embodiments of ?lters incorporat 

ing the ?lter units described above with reference to 
FIGS. 1 to 3. In all four embodiments, the ?lter includes 
an inlet manifold 21 and an outlet manifold 22 which are 
identical (but need not necessarily be so) and which will 
now be described brie?y. 
Each manifold 21,22 comprises a lid 23 having the 

same peripheral shape as the shape of the associated 
?lter units 24. One surface 25 of the lid is ?at and the 
other surface carries a tube 26 projecting from the lid 23 
in a direction normal to the plane of the lid 23. A pas 
sage 27 extends through the tube from the surface 25. 
The inlet and outlet manifolds 21,22 may conve 

niently be moulded from the same plastics material as 
the ?lter units (for example, polypropylene). 

In the ?lter of FIG. 4, six ?lter units are arranged in 
a stack between an inlet manifold 21 and an outlet mani 
fold 22. Alternate ?lter units 24 are reversed so that, as 
seen in FIG. 4, adjacent ?lter units 24 have respective 
recessed portions 17!: facing one another to form a com 
mon passage 29 and have the other recessed portions 
17a facing away from each other. The peripheral mem 
bers of the frames 10 of the ?lter units 24 are in face-to 
face sealing engagement. Further, the apertures 14 to 
one side of the plane of symmetry are all in register and 
the apertures 14 to the other side of the plane of symme 
try are all in register with one line of apertures 14 com 
municating with the inlet manifold to form a single inlet 
30 and the other line of apertures communicating with 
the outlet manifold 22 to form a single outlet 31. 
One face of an end ?lter unit 24 contacts the surface 

25 of the inlet manifold 21 so that the surface 15 of the 
frame 10 is in face-to-face sealing contact with the sur 
face 25 of the lid 23. In this way, a chamber 32 is formed 
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into which ?uid to be ?ltered passes from the passage 27 
to the inlet 30 and the recessed surface 17a. , 
The arrangement is similar at the outlet manifold 22. 

The other surface 15 of the frame 10 of the adjacent 
?lter unit 24 adjacent the outlet manifold is in face-to 
face sealing engagement with the surface 25 of the lid 23 
of the outlet manifold 22. There is thus formed a cham 
ber 33 in which ?uid passes from ?lter medium 19 from 
which ?uid leaves the recessed surface 17 through the 
outlet 31 and through the passage 27 in the outlet mani 
fold 22. 

Thus, as seen in FIG. 4, fluid to be ?ltered passes in 
the direction of the arrows in that Figure in parallel 
through the ?lter units 24 between the inlet 30 and the 
outlet 31. The assembly of the ?lter units 24 and the 
manifolds 21,22 thus provides the ?lter media 19 with 
an integral capsule. Since this is integral, it reduces the 
cost of the encapsulated ?lter and reduces the manufac 
turing time. 

Referring next to FIG. 5, the second form of ?lter is 
formed by an inlet manifold 21 and an outlet manifold 
22 of the kind described above, with four ?lter units of 
the kind described above sandwiched in a stack between 
the manifolds 21,22. In this case, all the ?lter units are 
orientated in the same way so that all the passage parts 
17a face in one direction and all the passage parts 17b 
face in an opposite direction. However, a divider 34 is 
provided between adjacent units. Each divider 34 is 
formed by a frame 35 of plastics material identical in 
shape and material to the frame of the ?lter unit 24. 
However, in place of the ?lter medium 19, each frame 
35 is provided with an impervious barrier 36 in a central 
aperture. Thus, each divider 34 prevents communica 
tion between the medium apertures 18 of adjacent ?lter 
units 24 but does not interrupt the continuous inlet 30 
and the continuous outlet 31. 
The connection between the ?rst ?lter unit 24 and the 

inlet manifold 21 and between the last ?lter unit 24 and 
the outlet manifold 22 is described above with reference 
to FIG. 4. 

Thus, in this embodiment the ?uid to be ?ltered also 
passes through the ?lter units 24 in the directions of the 
arrows in FIG. 5 in parallel between the inlet 30 and the 
outlet 31. 

Referring next to FIG. 6, a third form of ?lter has an 
inlet manifold 21 and an outlet manifold 22 of the kind 
described above with reference to FIG. 4. Two ?lter 
units 24 are provided. One co-operates with the inlet 
manifold 21 as described above with reference to FIG. 
4 and the other cooperates with the outlet manifold 22 
as described above with reference to FIG. 4, but in this 
case the passages 27 in the manifolds 21,22 are coaxial, 
which means that the two ?lter units 24 are relatively 
oppositely arranged with the reverse sides 16 of the 
?lter units adjacent one another. 
A divider 37 separates the ?lter units 24. The divider 

37 is the same as the divider 34 described above with 
reference to FIG. 5 except that a second barrier 40 is 
provided in an aperture 39 of the divider that is aligned 
with the passages 27 in the manifolds 21,22. 

Thus, as seen in FIG. 6, ?uid entering the inlet mani 
fold 21 passes through the ?lter units 24 in succession in 
the directions of the arrows of FIG. 6 before leaving 
through the outlet manifold 22. This gives multi-stage 
?ltration. 
The fourth form of ?lter shown in FIG. 7 has an inlet 

manifold 21 and an outlet manifold 22 of the kind de 
scribed above. It includes six ?lter units 24 of the kind 
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6 
described above and two dividers 37 of the kind de 
scribed above with reference to FIG. 5. 
The ?lter units 24 are arranged in pairs, one ?lter unit 

of each pair being reversed relatively to the other ?lter 
unit of the pair. In this way, adjacent ?lter units have 
respective recessed surfaces 17b facing one another to 
form a common passage and respective recessed por 
tions 17a facing away from each other. The remainder 
of the frame 10 of the ?lter units 24 of a pair are in 
face-to-face sealing engagement and the apertures 14 of 
the ?lter units 24 of the pair register to form a single 
inlet 30 and a single outlet 31. 
A divider 37 is provided between successive pairs 

with a main barrier 36 preventing communication be 
tween adjacent media apertures and the second barrier 
40 preventing communication between the inlet 30 of 
the ?rst pair and the outlet 31 of the second pair, in the 
direction of flow of the ?uid being ?ltered. 
The connection between the ?rst ?lter unit 24 and the 

inlet manifold 21 and between the last ?lter unit 24 and 
the outlet manifold 22 is as described above with refer 
ence to FIG. 4. 

Thus, as seen in FIG. 7, the ?uid to be ?ltered passes 
through the pairs of ?lter units 24 in succession in the 
directions of the arrows in FIG. 7 from the inlet mani 
fold 21 to the outlet manifold 22, thus giving multi-stage 
?ltration. 

Referring next to FIG. 8, parts common to FIG. 8 
and to FIG. 2 will be given the same reference numerals 
and will not be described in detail. In this ?lter unit, the 
frame 10 has a peripheral member which is generally 
circular in plan view and is provided with additional 
members 40 that are straight and extend parallel to one 
another as chords to the circular frame 10. The addi 
tional members 40 and the frame 10 form an aperture 41 
containing a ?lter medium and end apertures 42 and are 
recessed in the same way as the members 13 of FIG. 1. 
The ?lter unit of FIG. 8 is formed in the same way as 
the ?lter units of FIGS. 1 and 2. 
As shown in FIGS. 9 and 10, a number of the ?lter 

units of FIG. 8 can be formed into a ?lter in any of the 
con?gurations described above with reference to FIGS. 
4 to 7. The inlet and outlet manifolds 43,44 are similar to 
the inlet and outlet manifolds 21,22 except that the inlet 
manifold 43 is provided with a vent 45 and the outlet 
manifold is provided with a drain 46. 

Referring next to FIGS. 11 and 12, in this ?lter a 
number of ?lter units of the kind described with refer 
ence to FIG. 8 are arranged in the same con?guration as 
the ?lter units 24 in FIG. 4. In this ?lter, however, one 
end of the stack of ?lter units is closed by a blank plate 
47 while the manifold 49 includes both an inlet 50 and 
an outlet 51. A ?lter of this kind can be stood on a ?at 
surface. 
The ?fth ?lter unit shown in FIG. 13 has parts com 

mon to the filter unit of FIG. 1 and parts common to 
these units will be given the same reference numerals 
and will not be described in detail. In this ?lter unit, the 
frame 10 has a peripheral member that is generally rect 
angular in shape with rounded corners. The additional 
members 13 extend between the longer sides of the 
rectangle parallel to and spaced from the shorter sides. 
The additional members 13 form an aperture 51 for 
?lter medium and end apertures 52. The ?lter unit of 
FIG. 12 is formed in the same way as the ?lter units of 
FIGS. 1 and 2. 
As shown in FIGS. 14 and 15 a number of the ?lter 

units may be formed into a ?lter in any of the con?gura 
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tions described above with reference to FIGS. 4 to 7, 
with inlet and outlet manifolds 21,22. 
The manifolds 21,22,49, the blank plate 47 and the 

?lter units of any of the embodiments described above 
may be joined by any convenient method. For example, 
they could be joined by ultrasonic welding, by platen 
welding, by radio-frequency welding or by adhesives or 
they could be clamped by mechanical means with gas 
kets between them. 
Of course, the con?gurations of ?lter units described 

above with reference to FIGS. 4 to 8 and 13 are not the 
only possible con?gurations. There are many others in 
which units or groups of units are arranged in series or 
in parallel or in parallel groups arranged in series. In this 
latter case, each group of parallel ?lter units need not 
contain the same number of ?lter units. 

It will also be appreciated that the rating of the ?lter 
medium may vary between ?lter units in a ?lter to give 
desired ?ltration characteristics. For example, the 
group of ?lter units nearest the inlet manifold may have 
a coarser rating than succeeding media to provide a 
pre-?lter. 

All the ?lters described above with reference to the 
drawings are bi-directional (subject to the media being 
suitably supported as described below). Thus, although 
the manifolds 21,22,47 are described as inlet and outlet 
manifolds, their functions could be reversed so that the 
outlet manifold becomes the inlet manifold. This means 
that the ?lters can be connected up to a feed and a drain 
in either orientation. 
The number of ?lter units in any ?lter'may be varied 

as required to give a required ?lter area. For example, if 
each ?lter unit has an area of 25 cm2, the ?lter of FIG. 
4 will have a total area of 150 cm2, that of FIG. 5 an area 
of 100 cm2 that of FIG. 6 an area of 25 cmzin series with 
an area of 25 cm2 and that of FIG. 7 an area of 50 cm2 
in series with two further areas of 50 cm2. Of course, 
greater areas can be achieved by using more units or by 
making the area of each unit greater. 

In any of the embodiments described above with 
reference to the drawings, the ?lter medium will usually 
be be overlaid for example with a supportive mesh or 
corrugated porous sheet. Alternatively, the ?lter units 
could be moulded with integral ribs that overlie one or 
both sides of the ?lter medium. Where dividers are 
provided, they could be moulded with integral ribs 
arranged to support adjacent ?lter media. There may be 
more than one layer of ?lter medium in each unit. For 
example, there may be face-to-face layers of ?lter me 
dium in each unit. 

In all the embodiments described above with refer 
ence to the drawings, the frame 10 may be of any suit 
able plastics material such as nylon, polyester or poly 
propylene. Polypropylene has the advantage that it is 
easily moulded at relatively low pressures. It has high 
resistance to autoclaving and so can be autoclaved a 
substantial number of times without deterioration in 
performance. In use, it gives a very low rate of extracta 
bles (i.e. a low amount of extraneous substances intro 
duced into the ?uid being ?ltered as a result of the 
passage of the ?uid through the ?lter). 
Where the ?lter medium is a hydrophilic nylon me 

dium, such as the medium described and claimed in 
EP-A-0005536, it is manufactured to remove organisms, 
such as bacteria, above a speci?ed size. One method of 
testing the removal rating of such a medium is by integ~ 
rity testing. 
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In such a test, a ?lter of the kind described above is 

wetted with water and surplus water is removed. Air is 
applied to one side of the unit at a speci?ed pressure and 
the diffusive air flow rate is measured. This diffusive air 
?ow rate has been found to be related to the removal 
rating of the medium. 
A cruder measure of integrity can be determined by 

visual inspection of bubbles emerging from the ?lter 
medium. The integrity of the membrane is con?rmed 
when the pressure at which the ?rst bubble emerges 
from the ?lter membrane is not less than a predeter 
mined normal pressure for that grade of medium. 
However, polypropylene is inherently hydrophobic. 

It is found in joints between polypropylene end caps 
and hydrophilic microporous nylon membrane that this 
generally produces at the join between the ?lter me 
dium and the end cap a zone that is not water wettable 
at normal forward ?ow test pressures. As a result, this 
zone is not wetted by liquid during the forward flow 
test and thus allows the ready passage therethrough of 
air. When such a ?lter is forward flow tested, the air 
flow exceeds the predetermined normal flow at pres 
sures less than the test pressure. Thus, such ?lters can 
not be forward ?ow tested in water. 
However, it has been found that when, as described 

above, a polypropylene frame 10 is joined by injection 
moulding to a hydrophilic microporous nylon mem 
brane 19 such as that sold by Pall Corporation under the 
trade mark ULTIPOR, no such hydrophobic zone is 
produced. Thus the ?lter unit so produced can be integ 
rity tested in water, and this is a signi?cant advantage. 
The ?lters and ?lter units described above with refer 

ence to the drawings may be used in process develop 
ment to provide scale-up data using the same materials 
as larger scale pleated ?lters. They may also have bio 
medical uses such as the provision of sterile water in 
hospitals for, for example, patient washing. 
What we claim is: 
1. A ?lter unit comprising a frame of a plastic material 

having ?rst and second faces and de?ning a ?rst aper 
ture extending between the ?rst and second faces, at 
least one sheet of ?lter medium within the ?rst aperture 
and connected to the frame around the aperture and a 
second aperture extending between the ?rst and second 
faces and spaced from said ?rst aperture, the frame 
further comprising ?rst means for communicating said 
?rst aperture to said second aperture on one side of said 
?lter medium for the passage of fluid therebetween and 
a continuous peripheral member disposed between the 
?rst and second faces to provide a portion of a capsule 
for the at least one sheet of medium. 

2. A ?lter unit according to claim 1 wherein the frame 
de?nes a third aperture spaced from said ?rst aperture 
and second means for communicating said ?rst aperture 
to the third aperture disposed on a side of said ?lter 
medium opposite the side of the ?lter medium of said 
?rst means for communicating. 

3. A ?lter unit according to claim 2 wherein the frame 
includes a ?rst member which de?nes a ?rst passage 
forming said ?rst means for communicating and a sec 
ond member which de?nes a second passage forming 
said means for communicating. 

4. A ?lter unit according to claim 3 wherein the ?rst 
member de?nes, with the peripheral member, the sec 
ond aperture and a part of the ?rst aperture. 

5. A ?lter unit according to claim 3 wherein the sec 
ond member de?nes, with the peripheral member, the 
third aperture and a part of the ?rst aperture. 
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6. A ?lter unit according to claim 3 wherein the frame 

has opposed faces lying in respective planes that are 
mutually parallel and are parallel to the plane of the 
?lter medium. 

7. A ?lter unit according to claim 6 wherein said ?rst 
member is recessed relative to one face of the frame to 
form said ?rst passage, the second member being re 
cessed relative to the other face of the frame to form 
said second passage. 

8. A ?lter unit according to claim 1 wherein the frame 
is formed from a plastics material having a lower melt 
ing point than the material of the ?lter medium. 

9. A ?lter unit according to claim 1 wherein the ?lter 
medium is made of a material selected from the group of 
polyamide, PVDF, PTFE, polypropylene ?bres, glass 
?bre. 

10. A ?lter unit according to claim 3 wherein the 
shape of the ?rst aperture is symmetrical about a plane 
normal to the plane of the ?lter medium, the second and 
third apertures also being symmetrically arranged on 
opposite sides of said plane. 

11. A ?lter unit according to claim 10 wherein the 
continuous peripheral member of the frame has parallel 
sides and ?rst and second semi-circular ends, the ?rst 
member extending across the diameter of the ?rst semi 
circular end and the second member extending across 
the diameter of the second semi-circular end. 

12. A ?lter unit according to claim 10 wherein the 
continuous peripheral member of the frame is circular, 
the ?rst and second members being of curved arcuate 
shape and extending between respective spaced points 
on the continuous peripheral member. 

13. A ?lter unit according to claim 10 wherein the 
continuous peripheral member of the frame is circular, 
the ?rst and second members being straight and extend 
ing parallel relative to one another between respective 
spaced points on the continuous peripheral member. 

14. A ?lter unit according to claim 10 wherein the 
continuous peripheral member is generally rectangular 
with rounded corners to provide two longer sides and 
two shorter sides, the ?rst and second members extend 
ing between the longer sides of the peripheral member 
and parallel to the shorter sides. 

15. A ?ltered unit comprising a frame of polypropyl 
ene having ?rst and second faces and de?ning a ?rst 
aperture extending between the ?rst and second faces, 
at least one sheet of a hydrophilic microporous nylon 
?lter medium within the ?rst aperture, a periphery pro 
vided around said one sheet of ?lter medium, the pe 
riphery of the ?lter medium being insert molded into 
the frame, a second aperture extending between the ?rst 
and second faces and spaced from said ?rst aperture, 
and ?rst means for communicating said ?rst aperture 
with said second aperture disposed to one side of said 
?lter medium for the passage of ?uid therebetween. 

16. A ?lter unit according to claim 15 wherein the 
frame de?nes a third aperture spaced from said ?rst 
aperture and second means for communicating said ?rst 
aperture to the third aperture disposed to a side of said 
?lter medium opposite the side of the ?lter medium of 
said ?rst-mentioned communicating means. 

17. A ?lter unit according to claim 16 wherein the 
frame includes a ?rst member which de?nes a ?rst pas 
sage forming said ?rst means for communicating and a 
second member which de?nes a second passage forming 
said second means for communicating. 
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18. A ?lter unit according to claim 7 wherein the ?rst 

member de?nes, with the peripheral member, the sec 
ond aperture and a part of the ?rst aperture. 

19. A ?lter unit according to claim 7 wherein the 
second member de?nes, with the peripheral member, 
the third aperture and a part of the ?rst aperture. 

20. A ?lter unit according to claim 17 wherein the 
frame has opposed faces lying in respective planes that 
are mutually parallel and are parallel to the plane of the 
?lter medium. 

21. A ?lter unit according to claim 20 wherein said 
?rst member is recessed relative to one face of the frame 
to form said ?rst passage, the second member being 
recessed relative to the other face of the frame to form 
said second passage. 

22. A ?lter unit according to claim 15 wherein the 
frame is formed from a plastics material having a lower 
melting point than the material of the ?lter medium. 

23. A ?lter unit according to claim 15 wherein the 
filter medium is made of a material selected from the 
group of polyamide, PVDF, PTFE, polypropylene 
?bres, glass ?bre. 

24. A ?lter unit according to claim 17 wherein the 
shape of the ?rst aperture is symmetrical about a plane 
normal to the plane of the ?lter medium, the second and 
third apertures also being symmetrically arranged on 
opposite sides of said plane. 

25. A ?lter unit according to claim 24 wherein the 
continuous peripheral member of the frame has parallel 
sides and ?rst and second semi-circular ends, the ?rst 
member extending across the diameter of the ?rst semi 
circular end and the second member extending across 
the diameter of the second semi-circular end. 

26. A ?lter unit according to claim 24 wherein the 
continuous peripheral member of the frame is circular, 
the ?rst and second members being of curved arcuate 
shape and extending between respective spaced points 
on the continuous peripheral member. 

27. A ?lter unit according to claim 24 wherein the 
continuous peripheral member of the frame is circular, 
the ?rst and second members being straight and extend 
ing parallel relative to one another between respective 
spaced points on the continuous peripheral member. 

28. A ?lter unit according to claim 24 wherein the 
continuous peripheral member is generally rectangular 
with rounded corners to provide two longer sides and 
two shorter sides, the ?rst and second members extend 
ing between the longer sides of the peripheral member 
parallel to the shorter sides. 

29. A ?lter comprising: 
a plurality of ?lter units; means de?ning an inlet; 
means de?ning an outlet and at least one ?lter unit 
comprising a frame of a plastic material having ?rst 
and second faces and de?ning a medium aperture; 
at least one sheet of ?lter medium held within the 
aperture extending between the ?rst and second 
faces, the frame also de?ning an inlet passage ex 
tending between the ?rst and second faces and 
communicating between the inlet means to one 
surface of the ?lter medium and an outlet passage 
extending from between the ?rst and second faces 
and communicating between the other surface of 
the ?lter medium and the outlet means, the inlet 
means and the outlet means being in sealing en 
gagement with the frame to encapsulate the ?lter 
medium. 

30. A ?lter according to claim 29 wherein the inlet 
passage includes an inlet aperture de?ned by the frame 
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and the outlet passage includes an outlet aperture de 
?ned by the frame. 

31. A ?lter according to claim 30 wherein the frame 
includes a peripheral member having opposed faces 
which lie in spaced planes that are mutually parallel and 
which are parallel to the plane of the ?lter medium, the 
?lter medium being located between said faces. 

32. A ?lter according to claim 31 wherein a ?rst 
member of the frame de?nes with the peripheral mem 
ber both a part of the medium aperture and the inlet 
aperture and a second member of the frame de?nes with 
the peripheral member both a part of the medium aper 
ture and the outlet aperture, said ?rst and second mem~ 
bers being recessed to provide parts of the inlet and 
outlet passages respectfully, one of said passage parts 
communicating between the inlet aperture and one sur 
face of the ?lter medium and;the other of said passage 
parts-communicating between the surface of the ?lter 
medium opposite said one surface and the outlet aper 
ture. 

33. A ?lter according to claim 32 and including an 
inlet manifold which provides said inlet means, one face 
of said at least one ?lter unit contacting said inlet mani 
fold, the at least one ?lter unit forming with the inlet 
manifold, a chamber into which ?uid to be ?ltered 
passes from said inlet manifold and through said inlet 
aperture and the inlet passage to said one surface of the 
?lter medium. 

34. A ?lter according to claim 33 and including an 
outlet manifold which provides said outlet means, the 
other face of said at least one ?lter unit contacting the 
outlet manifold, the at least one ?lter unit forming with 
the outlet manifold, a chamber into which ?uid passes 
from the ?lter medium of the at least one ?lter unit after 
?ltration and from which ?uid leaves through the outlet 
passage, said outlet aperture and said outlet manifold. 

35. A ?lter according to claim 32 wherein a manifold 
provides the inlet and the outlet means and closes one 
face of the at least one ?lter unit, the other face of the at 
least one ?lter unit being closed by a plate. 

36. A ?lter according to claim 32 wherein a plurality 
of ?lter units are provided, the peripheral members of 
the ?lter units being in successive face-to-face contact. 

37. A ?lter unit according to claim 36 wherein the 
peripheral member has a shape that is symmetrical 
about a plane normal to the planes of said faces of the 
peripheral member, the medium aperture also being 
symmetrical about said plane and the inlet and outlet 
apertures being symmetrically arranged on opposite 
sides of said plane. 

38. A ?lter according to claim 37 wherein alternate 
?lter units of the plurality of ?lter units are reversed so 
that adjacent ?lter units have respective ones of said 
passage parts to one side of said plane facing one an 
other to form a common passage part and respective 
others of said passage parts to the other side of said 
plane facing away from each other, the peripheral mem 
bers of adjacent ?lter units being in face-to-face sealing 
engagement and the inlet and outlet apertures of the 
?lter units registering to'form a single inlet and a single 
outlet respectively so that ?uid to be ?ltered passes 
through the ?lter units in parallel. 

39. A ?lter unit according to claim 37 wherein the 
?lter units are arranged in pairs, one ?lter unit of each 
pair being reversed relative to the other ?lter unit of 
said pair so that the ?lter units of each pair have respec 
tive ones of said passage parts disposed to one side of 
said plane facing one another to form a common pas 
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sage part and respective others of said passage parts 
disposed to the other side of said plane facing away 
from each other, the peripheral members of the ?lter 
units of each pair being in face-to-face sealing engage 
ment and the inlet and outlet apertures of the ?lter units 
of each pair registering to form a single inlet and a 
single outlet, successive pairs of ?lter units being ar 
ranged so that the single outlet of one of the pairs leads 
to the single inlet of a succeeding pair, a divider being 
provided between successive pairs preventing commu 
nication between adjacent medium apertures and be 
tween an inlet of a ?rst pair and an outlet of a second 
pair of successive pairs, in the direction of ?ow of the 
?uid being ?ltered, so that ?uid to be ?ltered passes 
through each pair in succession. 

40. A ?lter unit according to claim 37 wherein a 
plurality of ?lter units are provided, the units all being 
similarly orientated so that the passage parts to one side 
of said plane all face in one direction and the passage 
parts to the other side of said plane all face in an oppo 
site direction with the inlet apertures thereof in register 
to one side of said plane and with the outlet apertures 
thereof in register to the other side of said plane, a di 
vider being provided between adjacent units preventing 
communication between adjacent media apertures so 
the ?uid to be ?ltered passes through the ?lter units in 
parallel. 

41. A ?lter unit according to claim 37 wherein suc 
cessive ?lter units are arranged so that, in the direction 
of ?ow of the ?uid being ?ltered, an outlet aperture of 
one ?lter unit leads to the inlet aperture of the succeed 
ing ?lter unit, a divider being provided between succes 
sive ?lter units preventing communication between 
adjacent media apertures and the inlet of the ?rst ?lter 
unit of successive ?lter units, in the direction of ?ow 
and the outlet of the succeeding ?lter unit so that ?uid 
to be ?ltered passes through the ?lter units in succes 
sion. 

42. A ?lter comprising: 
means de?ning an inlet, means de?ning an outlet and 

at least one ?lter unit comprising a frame of poly 
propylene material having ?rst and second faces 
and de?ning an aperture, at least one sheet of a 
hydrophilic microporous nylon ?lter medium held 
within the aperture extending between the ?rst and 
second faces and including a periphery, the periph 
ery of the ?lter medium being insert moulded into 
the frame, the frame also de?ning an inlet passage 
extending between the ?rst and second faces and 
communicating between the inlet means to one 
surface of the ?lter medium and an outlet passage 
extending between the ?rst and second faces and 
communicating between the other surface of the 
?lter medium and the outlet means, the ?lter being 
integrity-testable in water. 

43. A ?lter according to claim 42 wherein the inlet 
passage includes an inlet aperture de?ned by the frame 
and the outlet passage includes an outlet aperture de 
?ned by the frame. 

44. A ?lter according to claim 43 wherein the frame 
includes a peripheral member having opposed faces 
which lie in spaced planes that are mutually parallel and 
which are parallel to the plane of the ?lter medium, the 
?lter medium being located between said faces. 

45. A ?lter according to claim 44 wherein a ?rst 
member of the frame de?nes with the peripheral mem 
ber both a part of the medium aperture and an inlet 
aperture and a second member of the frame de?nes with 
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the peripheral member both a part of the medium aper 
ture and an outlet aperture, the ?rst and second mem 
bers being recessed to provide parts of the inlet and 
outlet passages respectfully, one of said passage parts 
communicating between the inlet aperture and one sur 
face of the ?lter medium and the other of said passage 
parts communicating between the surface of the ?lter 
medium opposite said one surface and the outlet aper 
ture. 

46. A ?lter according to claim 45 and including an 
inlet manifold which provides said inlet means, one face 
of said at least one ?lter unit contacting said inlet mani 
fold, the at least one ?lter unit forming with the inlet 
manifold, a chamber into which ?uid to be ?ltered 
passes from said inlet manifold and through the inlet 
aperture and the inlet passage disposed to said one sur 
face of the ?lter medium. 

47. A ?lter according to claim 46 and including an 
outlet manifold which provides said outlet means, the 
other face of said at least one ?lter unit contacting the 
outlet manifold, the at least one ?lter unit forming with 
the outlet manifold, a chamber into which ?uid passes 
from the ?lter medium of the at least one ?lter unit after 
?ltration and from which ?uid leaves through the outlet 
passage, the outlet aperture and said outlet manifold. 

48. A ?lter according to claim 45 wherein a manifold 
provides the inlet and the outlet passages and closes one 
face of the at least one ?lter unit, the other face of the at 
least one ?lter unit being closed by a plate. 

49. A ?lter according to claim 45 wherein a plurality 
of ?lter units are provided, the peripheral members of 
the ?lter units being in successive face-to-face contact. 

50. A ?lter unit according to claim 49 wherein the 
peripheral member has a shape that is symmetrical 
about a plane normal to the planes of said faces of the 
peripheral member, the medium aperture also being 
symmetrical about said plane and the inlet and outlet 
apertures being symmetrically arranged on opposite 
sides of said plane. 

51. A ?lter according to claim 50 wherein alternate 
?lter units of the plurality of ?lter units are reversed so 
that adjacent ?lter units have respective ones of said 
passage parts to one side of said plane facing one an 
other to form a common passage part and respective 
others of said passage parts to the other side of said 
plane facing away from each other, the peripheral mem 
bers of adjacent ?lter units being in face-to-face sealing 
engagement and the inlet and outlet apertures of the 
?lter units registering to form a single inlet and a single 
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outlet respectively so that ?uid to be ?ltered passes 
through the ?lter units in parallel. 

52. A ?lter unit according to claim 51 wherein the 
?lter units are arranged in pairs, one ?lter unit of each 
pair being reversed relatively to the other ?lter unit of 
said pair so that the ?lter units of each pair have respec 
tive ones of said passage parts to one side of said plane 
facing one another to form a common passage part and 
respective others of said recessed portions to the other 
side of said plane facing away from each other, the 
peripheral members of the ?lter units of a pair being in 
face-to-face sealing engagement and the inlet and outlet 
apertures of the ?lter units of the pair registering to 
form a single inlet and a single outlet, successive pairs of 
?lter units being arranged so that the single outlet of one 
pair leads to the single inlet of the succeeding pair, a 
divider being provided between successive pairs pre 
venting communication between adjacent media aper 
tures and between the inlet of the ?rst pair and the 
outlet of the second pair of successive pairs, in the direc 
tion of ?ow of the ?uid being ?ltered, so that ?uid to be 
?ltered passes through the pairs in succession. 

53. A ?lter unit according to claim 51 wherein each 
of the plurality of ?lter units are similarly orientated so 
that the passage parts to one side of said plane all face in 
one direction and the passage parts to the other side of 
said plane all face in an opposite direction with the inlet 
apertures thereof in register to one side of said plane and 
with the outlet apertures thereof in register to the other 
side of said plane, a divider being provided between 
adjacent units preventing communication between adja 
cent medium apertures so the ?uid to be ?ltered passes 
through the ?lter units 'in parallel. 

54. A ?lter unit according to claim 51 wherein suc 
cessive ?lter units are arranged so that, in the direction 
of flow of the ?uid being ?ltered, the outlet aperture of 
one ?lter unit leads to the inlet aperture of the succeed» 
ing ?lter unit, a divider being provided between succes 
sive ?lter units preventing communication between 
adjacent medium apertures and the inlet aperture of the 
?rst ?lter unit of successive ?lter units, in the direction 
of ?ow and the outlet aperture of the succeeding ?lter 
unit so that ?uid to be ?ltered passes through the ?lter 
units in succession. 

55. A ?lter according to claim 42 wherein the at least 
one ?lter unit includes ?rst means for communicating 
said inlet passage with said outlet passage to one side of 
said ?lter medium for the passage of fluid therebetween. 

* * * * * 
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